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The primary o b j e c t i v e  of our 
t he  assembly of f a c t s  about t he  ro l e .  and mechanics of g r a v i t y  in 
maintaining an e r e c t  a x i s  i n  a 1eaf;'plant while the  l e a v e s  and 
branches grow a t  c h a r a c t e r i s t i c  angles .  We have cons ide rab le  d a t a  
t o  support  our t h e s i s  that  t h e  growth cu rva tu re  of an a x i s  i n  t h e  
absence o f  t he  e f f e c t s  of  g rav i ty ,  a s  on a h o r i z o n t a l  c l i n o s t a t ,  i s  
due t o  uneven t r a n s p o r t  of auxin down t h e  ax i s .  More auxin moves 
i n t o  t h e  t i s s u e s  t h a t  become the  convex s i d e  of t h e  cu rva tu re .  
Gravi ty  seems t o  c o r r e c t  bo th  unbalanced supply t o  and any unbalanced 
r a t e s  o f  i t s  t r a n s p o r t  w i t h i n  the stem. 

To demonstrate t h e  adjustment of an unbalanced supply o f  arixin, 
we app l i ed  i t ,  tagged w i t h  one C 1 4  atom, i n  a l a t e r a l  s t r i p  nea? t h e  
d e c a p i t a t e d  t i p  of each d e f o l i a t e d  Coleus ax is  i n  a s e r i e s  of t e s k s ,  
F o r t y  p l a n t s  were used i n  each of f i v e  experiments. Twenty of t k ~  
p l a n t s  were l e f t  e r e c t  t o  t h e  normal a c t i o n  of g r a v i t y .  The o tho?  
twenty p l a n t s  were tu rned  on c l i n o s t a t s ,  u s u a l l y  for about 24 hour 
These axes developed cu rva tu res  away from the  s i d e  wi th  t h e  IAA-C 
For b o t h  s e t s  of p l a n t s ,  the t r e a t e d  t i p s  and excess  of r a d i o a c t i v e  
auxin  were removed. The curved axes of the  p l a n t s  on the  c l i n o s t a t  
were then  s p l i t  i n t o  equal  weights of t i s s u e s  on the  convex and con- 
cave s ides .  The corresponding ha lves  of  t he  s t r a i g h t ,  e r e c t  axes 
were obta ined  i n  t h e  same way. 
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The d i s t r i b u t i o n  of t he  auxin i n  each l o t  of t i s s u e s  was d e t e r -  
mined from e x t r a c t s  made by gr inding the  d iced  t i s s u e s  wi th  ch loro-  
f o r m  and a c i d  water  and l a t e r  with abso lu te  a lcohol .  The amount of 
unchanged IAA p l u s  i t s  r ad ioac t ive  metabol ic  products  was computed 
from counts  of t he  r a d i o a c t i v i t y  i n  t h e  th ree  e x t r a c t s .  The fol low- 
ing  t a b l e  shows t h e  r e s u l t s  of these  ana lyses  and computations: 

Table 1 
Exp . 
No. 

Hrs. of 

G r  ow t h 

Wt. i n  g. 

C l i n o  E r e c t  
Cpm. i n  50 h each o f  3 e x t r a c t s  a t  - 5 0  m l  

On C l f n o s t a t  E rec t  t o  Gravi ty  
OPP * 
s ide  

OPP IAA I / O  s i d e  s i d e  
~ ~~~~ ~ ~- ~ ~~ 

1 42.0 12.72 10.61 26.0 1.340 19.4 25.7 1.015 25.3 
2 18.0 9.04 8.65 100.2 1.411 71-0 107.4 0976 110.0 
3 24.0 7-57' 10.07 132.7 1.375 96.5 110.2 1.005 109,7 
4 23.5 11.06 11.32 106.11.428 74.3 218.0 1.048 208.0 
5 24.0 11.17 11 , lb  414.1 1,448 285.9 387.9 1.010 384.2 - 

' 1a400 te030  1.011*.013 
Hard copy (HC) 

Microfiche (MF) L 



- s . . %  
t 

r .  
-2- 

These d a t a  show t h a t  the auxin f r o m  t h e  l a t e r a l  s t r i p  on one 
s i d e  of t h e  s tem's  apex was t ranspor ted  equal ly  t o  t h a t  s i d e  and the  
opposide s i d e  only when the  a x i s  s tood e r e c t  t o  g r a v i t y .  T h i s  e v i -  
dence suppor ts  our hypothes is  about t he  b e n e f i c i a l  a c t i o n  of g r a v i t y  
and w i l l  be used i n  a t e c h n i c a l  paper as soon as  c e r t a i n  r e l a t e d  
evidence can be obtained from new experiments  w i t h  unbalanced r a t e s  
of t r a n s p o r t .  Together w i th  other evidence on f i l e ,  we expect t he  
new d a t a  w i l l  complete our proof t h a t  g r a v i t y  i s  a s i g n i f i c a n t  
f a c t o r  i n  r e g u l a t i n g  auxin d i s t r i b u t i o n  w i t h i n  t h e  a x i s  of an e r e c t  
p l a n t .  

Before the  t e c h n i c a l  Paper on t h i s  sub jec t  i s  o f f e red  f o r  pub- 
l i c a t i o n ,  it w i l l  be b e s t  t o  p resent  evidence on a c l o s e l y  r e l a t e d  
phase of auxin t r a n s p o r t  - the downward t r a n s p o r t  of auxin by  grav- 
i t y  i n  branches.  This movement i s  suggested by the  appearance o f  
e p i n a s t i c  cu rva tu res  on c l i n o s t a t s ,  a s  descr ibed  i n  one of our 
e a r l i e r  p u b l i c a t i o n s  (March, 1963). It has been r epor t ed  and con- 
f i rmed for Avena c o l e o p t i l e s  ( i n  h o r i z o n t a l  p o s i t i o n )  and r e p o r t e d  
f o r  c e r t a i n  o t h e r  p l a n t  organs but no work wi th  comparable methods 
has  been done f o r  such t r a n s p o r t  i n  branches o r  t h e  main stem of a 
p l a n t  . 

"Ich of our work during the l a t t e r  p a r t  of 1963 was d i r e c t e d  t o  
t h i s  p o i n t ,  
numerous branches but  Coleus proved t o  be a b e t t e r  t e s t  p l a n t .  
Gravi ty  cu rva tu res  were produced i n  i t s  axes when young p l a n t s  were 
l a i d  h o r i z o n t a l l y .  S imi l a r  curva tures  were obtained i n  t h e  branches 
of  o lde r  p l a n t s ,  e i t h e r  by suspending them i n  the  i n v e r t e d  p o s i t i o n  
or by l a y i n g  t h e  p l a n t  on i t s  s i d e  w i t h  t he  a x i s  ho r i zon ta l .  

Vfe used Torenia  for a few experiments w i th  i t s  small ,  

Data f o r  t h e  d i s t r i b u t i o n  of auxin w i t h i n  the  curved stem t i s s u e s  
were obtained by the  techniques of e x t r a c t i o n  and r ad ioassay  as  out-  
l i n e d  above f o r  a x i s  curva tures  on a c l i n o s t a t .  From 15 t o  20 p l a n t s  
were used f o r  each t e s t .  The branches were d e f o l i a t e d  and detopped; 
l a n o l i n  p a s t e  wi th  1% I A A - C ~ ~  was app l i ed  as  t e rmina l  caps t o  t h e  
stem t i s s u e  before  p l ac ing  the p l a n t s  on t h e i r  t i p s  o r  s i d e s ;  the 
curved t i s s u e s  from negat ive geotropism were s p l i t  i n t o  convex 
(=lovrer) and concave (=upper) halves ,  t hen  d i c e d  and ground f i n e l y  
with chloroform, a c i d  water  and f i n a l l y  abso lu te  e thano l  t o  e x t r a c t  
t h e  auxin and auxin products  from t he  two l o t s  of t i s s u e s  f o r  each 
experiment . 

The r e l a t i v e  amounts of auxin w i t h i n  the upper and lower ha lves  

The p e r t i n e n t  d a t a  a r e  displayed i n  Table 2 much as  i t  w i l l  

of  t h e  cu rva tu res  a f t e r  a day o r  two of g r a v i t y  e f f e  s were d e t e r -  
mined f r o m  the t o t a l  r a d i o a c t i v i t y  r e l e a s e d  by t h e  Cy' i n  t h e  ex- 
t r a c t s .  
be o f f e red  f o r  p u b l i c a t i o n  i n  Plant  Physiology as soon as c e r t a i n  
o the r  evidence can be prepared. The excess  of rad iocarbon i n  t h e  
lower t i s s u e s  and hence of auxin movement t o  these  t i s s u e s  i s  not 
s i g n i f i c a n t l y  d i f f e r e n t  f o r  t he  three  s e t s  of experiments .  The r a t i o  
of auxin d i s t r i b u t i o n  a f t e r  g e o t r o p i c  cu rva tu res  agrees  w e l l  with 
t h a t  r epor t ed  f o r  o ther  orgaEs by i a r l i e r  

( s e e  Table 2 on next page) 

workers .  
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Table  2 

RADIOACTIVITY FROM GRAVITY CURVATURES FED WITH I A A - ~ - c ~ ~  

Exp.. H r s .  of Wt. i n  Coleus C p m  i n  50 ;l e a c h  of 3 cone . exts .  
No. growth grams tissue Lower half L/U Upper half 

1 

2 

3 

4 

5 

6 

'7 

13 

15 

17 

10 

11 

12 

14 

16 

18.5 

18.5 

21.5 

17.0 

21.0 

21.0 

21.0 

46.5 

47.0 

46.5 

44.0 

47.0 

45.5 

44 .O 

45.5 

20.37 Branch  i n v e r t .  444.8 1.464 

325.8 1.683 11 17.25 

367.0 le247 11 21.93 I 1  

309.2 1.321 11 15.57 " 

243.7 1.479 I1 18.80 
l J= l  e 439k 111 

11.86 Axis h o r i z o n .  15.7 1.0 702 

12.39 'I 11 24.1 1.0485 

59.5 1.574 17.56 I' !I 

20.06 I' 11  198.7 1.642 

141.4 1.209 11 23.00 " 

M=1.522&.129 

16.75 B r a n c h  on s ide  432.7 1.441 

35.48 11 1,684.2 1.696 

452.5 1.367 !I !I 26.05 'I 

31.81 i 1  I I  ' I  1,@11.4 1.731 

936.4 1.677 11 11 45.16 
M=1.582k0111 

303.9 

193.6 

294.2 

234.0 

164 . 8 
9.2 

16.2 

37.8 

121.0 

116.9 

300.2 

993 . 2 
331.1 

584 . 3 
558.4 
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T o  show t h a t  t h e  radiocarbon was t r a n s p o r t e d  t o  t h e  lower s i d e  
i n  auxin f o r m  r a t h e r  t h a n  i n  metabolic p roduc t s ,  we must now com- 
p l e t e  chromatographic ana lyses  o f  the  chloroform e x t r a c t s  from 
these  experiments.  The f i r s t  of t h e s e  t e s t s  promises adequate 
proof of t he  p o i n t  when the  work has  been completed. 'Are hope t h a t  
the  e d i t o r  of P l a n t  Physiology w i l l  accept  our manuscript  based on 
t h i s  evidence for downward t r a n s p o r t  of auxin  w i t h i n  the  stem 
system of  a mature,  branched p lan t .  

Xost of our t ime and e f f o r t s  dur ing  t h e  p a s t  two months has  
been devoted t o  work f o r  t he  B i o s a t e l l i t e  P r o j e c t .  Our p roposa l  
f o r  s tudying  the  o r i e n t a t i o n  and r a t e  o f  growth of s e e d l i n g s  a t  
ze ro  g r a v i t y  has  been scheduled f o r  f l i g h t  on B i o s a t e l l i t e  A. 
Our proposa l  f o r  use of a branched, l e a f y  p l a n t  has been g iven  
back-up s t a t u s  and has not r equ i r ed  our s p e c i a l  a t t e n t i o n  r e c e n t l y .  

A s  soon a s  t h e  d e t a i l s  of the  pre-pro to type  p l a n  f o r  growing 
wheat s e e d l i n g s  i n  a small, c losed  system have been worked out ,  
we expec t  t o  be ab le  t o  c a r r y  on w i t h  our s tudy  of  auxin t r a n s p o r t  
and metabolism i n  combination with experiments t o  o b t a i n  the base 
I-fnc d a t a  for our b i o s a t e l l i t e  experiment.  Our c l i n o s t a t s  can  be 
used for the  wheat s e e d l i n g  work while  we complete t h e  biochcmfcal 
and r ad ioassay  s t u d i e s  w i t h  e x t r a c t s  and c e r t a i n  l o t s  o f  Coleus 
t i s s u e s  being he ld  i n  deep f r eeze .  The b i o s a t e l l i t e  work would 
appear t o  be r a t h e r  d i f f e r e n t  but i t  has  t h e  g r e a t  promise of 
checking out t he  v a l i d i t y  of the c l i n o s t a t  as an instrument  f o r  
s imula t ing  t h e  a c t u a l  absence of g r a v i t y  i n  auxin  s t u d i e s .  
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